Environmental temperature directly influences the lipid profile produced by oilseeds. If 23 growing temperatures increase, as is predicted by current models, the precise profile of 24 lipids produced are likely to change. This paper develops models to predict lipid profiles 25 as a function of growing temperature. Data relating to lipid profiles of soybean (Glycine 26 max), spring canola (Brassica napus), spring camelina (Camelina sativa), and sunflower 27 (Helianthus annuus) were gathered from the literature and evaluated to examine the 28 influence of temperature on relative production of oleic, linoleic, and linolenic acid. For 29 each crop, a set of linear regressions was used to correlate temperature during the grain 30 fill, defined as 30 days before harvest, with the molar percentages of oleic, linoleic, and 31 linolenic acid present. An increase in temperature from 10 to 40°C resulted in an increase 32 in the production of oleic acid and a decrease in the production of linoleic and linolenic 33 ability to grow on marginal lands, could play an important role in food and fuel 91 production in the future (Budin et al., 1995) . Sunflower (Helianthus annuus) is one of the 92 five largest oilseed crops in the world with over 1.5 million acres of sunflower planted in 93 the US in 2011 ("Economic Research Service, USDA. ' Table 20: Sunflowerseed:  94 Acreage planted, harvested, yield, production and value, U.S., 1980-2011'," n.d.). 95
Compared to previous multi-crop studies on seed oil compositions, the current study is 96 distinct in that it includes camelina with the traditional crops (Werteker et al., 2010) . 97
Our objectives were to gather literature data on lipid profiles over a large range of 98 growing temperatures and correlate the temperature during the grain fill to the molar 99 amount of lipid contained in the seeds. The correlations were compared to field studies to 100 demonstrate their validity. 101
Materials and methods 102

Collecting lipid profiles from literature 103
For field studies, literature was included in this review if the study included the 104 location where the crops were grown and harvest date (or sufficient data with which to 105 make a reasonable estimate of the date of harvest). If only the planting date was given, 106 the harvesting date was assumed to be the average of the recommended days to allow the 107 plant to grow in the field. For soybean the assumed harvest date was 100 days after 108 planting while for the short season crops, canola, camelina, and sunflower, the assumed 109 harvest date was 92 days after planting. The mean monthly maximum temperature for 110 each location was found in the National Oceanic and Atmospheric Administration's 111 National Climatic Data Center. If the grain filling days spanned two months, the average 112 mean maximum temperature of that period was calculated, accounting for the days ofgrain filling in each month. For greenhouse studies, literature was included in this review 114 if temperature data was given. A list of the literature included in this review can be found 115 in Following harvest, all crops were dried to 3% moisture prior to oil extraction. 157
Extraction of lipids 158
Each extraction started with 100 mg of grain. An overview of the procedure can 159 be found in Figure 1 . The extraction and fatty acid synthesis procedure is a modification 160 from previous work by the same lab (Kim et al., 2013). The seeds were heated at 75°C 161 for 15 min in 0.01 wt% BHT in isopropanol to inactivate lipolytic enzymes. The mixture 162 was transferred to a homogenizer to crush the seeds. To separate the triglycerides from 163 the protein solids, 1.0 mL chloroform, 1.0 mL methanol and 0.8 mL of water were added. 164
The mixture was shaken for 30 seconds and centrifuged for 10 minutes at 10,000 rpm to 165 facilitate phase separation. The chloroform layer, containing the triglycerides, was 166 transferred to a separate vial and saved. The extraction was repeated three times, each 167 time adding more chloroform to the aqueous phase, with the triglyceride fraction 168 collected in a common vial. To remove any water that might have been carried over from 169 the extraction, 0.5 mL of 1 M KCl was added as a desiccant to the triglyceride solution 170 and the mixture was shaken and centrifuged. The upper aqueous layer was removed and 171 discarded. To remove any remaining proteins, 1.0 mL of water was added and the 172 mixture was shaken and centrifuged. The aqueous layer was discarded and the 173 triglyceride solution was then dried under nitrogen and redissolved in 1000 μL of 174 chloroform. 175
For the synthesis of methyl esters, 25 µL of the triglycerides solution and 50 µL 176 of internal standard, pentadecanoic acid in chloroform, were mixed in a screw-cap tube. 177
The chloroform was evaporated and 1 mL of 3 M methanolic hydrochloric acid was 178 added to each tube. The mixture was bubbled with nitrogen to remove oxygen. The tubes 179 were heated at 78°C for 30 minutes to synthesize the methyl esters. To isolate the methyl 180 esters from water soluble compounds, 2 mL of water and 2 mL of hexane:chloroform and with studies performed in fields with soybean, canola, and sunflower over smaller 215 temperature ranges (12 to 17 °C) (Werteker et al., 2010) . Camelina was unique in that its 216 lipid profile was nearly independent of growing temperature over the range investigated. 217
Other authors have found that the effect of temperature on fatty acid composition was 218 small for nine varieties of camelina, although they noted that during a particularly warm 219 year the different varieties produced 2% less linolenic acid than the same varieties during 220 a normal year (Crowley and Frohlich, 1998). Soybean and sunflower exhibited the 221 strongest trends towards more monounsaturated and less polyunsaturated fatty acids with 222 increasing temperature while canola and camelina changed minimally with increasing 223 temperature. Camelina has not been extensively studied and had fewer data points over a 224 smaller temperature range than the other crops. The data collected had temperatures 225 during the grain fill between 19°C and 28°C. This is a relatively small range compared 226 with the other three crops studied which had data from approximately 10°C to 40°C.
More work needs to be completed, with camelina grown in both cooler and warmer 228 temperatures to gain a more complete understanding of the effect of temperature during 229 the grain fill on the molar amounts of lipids present. 230
Field studies 231
For oilseeds grown near Manhattan, KS, the oil profiles varied considerably 232 between crops ( Table 2 ). The oil profiles varied considerably between crops. Oleic acid 233 was the primary fatty acid in canola and sunflower seeds. The soybean varieties had far 234 more linoleic acid than oleic or linolenic acid. Camelina was highly unsaturated, having 235 the most linolenic acid of any of the oil seeds grown. Camelina was the only crop with 236 significant amounts of fatty acids with 20 carbons. 237
To compare percentage of fatty acid predicted by the regression to the 238 experimentally determined percentage of fatty acid contained in the seed, the temperature 239 during the grain fill must be known. The temperature during the grain fill for the 240 Manhattan, KS crops were calculated based on the growing season temperatures (Table  241 3). The experimentally determined molar percentages of the crops were compared to the 242 predicted value of the molar percentage of lipids from the regressions (Figure 6 
